Jatropha (Jatropha curcas L.) is a perennial species that requires expressive amounts of nutrients in order to produce satisfactorily. An experiment was conducted using pots, arranged in a randomized block design, with four replicates and one plant per plot, in order to evaluate different fertilization recommendations (phosphate fertilizer and cattle manure) based on soil analysis. The treatments consisted of a 4 x 4 factorial scheme, which represented 4 recommendations of organic fertilization [absence of organic fertilization (0 t ha -1 ), recommended dose (4 t ha -1 ), 1.5 times the recommended dose (6 t ha -1 ) and 2 times the recommended dose (8 t ha -1 )] and 4 recommendations of phosphate fertilization [absence of phosphate fertilization (0 kg ha -1 ), recommended dose (90 kg ha -1 ), 1.5 times the recommended dose (135 kg ha -1 ) and 2 times the recommended dose (180 kg ha -1 ). One hundred and eighty days after seedlings were transplanted to the pots, growth variables and production components were measured. Plant height, number of branches, stem diameter, leaf area, number of inflorescences, number of fruits, number of bunches, number of fruits per bunch, mass of fruits, number of seeds per fruit, number of seeds per plant and total mass of seeds per plant were influenced by the fertilization recommendations. The recommendation of organic and phosphate fertilization suggested by the laboratory of soil analysis (4 t ha -1 of organic matter and 90 kg ha -1 of phosphorus) was insufficient to obtain productive plants. The isolated use of organic matter in fertilization of jatropha promotes positive effects on growth variables and production components. The application of 1.5 the dose of organic matter recommended by the laboratory of soil analysis, corresponding to 6 t ha -1 of cattle manure, isolated, or associated with 135 kg ha -1 of P, is sufficient to supply the nutritional demand for N and P in the first cultivation cycle. Phosphate fertilization associated with organic fertilization significantly influenced plant height, number of branches, stem diameter, leaf area, number of seeds per plant and total mass of seeds of jatropha plants.
Introduction
Jatropha (Jatropha curcas L.) is a perennial oilseed species native from Tropical America (Freiberg et al., 2014) and the oil produced in its seeds has been investigated as an alternative in the biodiesel production chain (Lopes and Steidle Neto, 2011; Raja et al., 2011; Bello and Agge, 2012) . According to the literature (Freire et al., 2011; Hussein et al., 2012; Freiberg et al., 2014) , this oilseed plant is responsive to fertilization and require large amounts of nutrients (Laviola and Dias, 2008) to grow and produce satisfactorily. Usually, the fertilizer doses recommended for basal and topdressing fertilizations vary according to plant phenological stage (Pereira et al., 2011) , soil fertility and water and environmental conditions (Mohaptra and Panda, 2011) . However, there is no information available in the literature on the fertilizer doses that promote significant increases in jatropha growth and production, which makes the system not very productive and inefficient. Studies on the fertilization of this species have increasingly expanded. In general, it is recommended to apply doses of fertilizers recommended for other crops, and it is necessary to test recommendations based on results of soil analysis, which can widely vary according to the studied environment. One of the promising alternatives for jatropha fertilization is the use of organic material, like cattle manure (Sop et al., 2011; Schulz et al., 2012) and oilseed cakes , or through the application of mineral nitrogen (Prates et al., 2011) , phosphate (Carvalho et al., 2013) and potassium (Freiberg et al., 2014) fertilizers, which can be used individually or associated with organic fertilizers (Hussein et al., 2012) . The limitations for the availability of nutrients, such as N and P, in the beginning of the vegetative growth can result in restrictions for the formation of the root system and shoots (Silva et al., 2009) , as well as for the crop reproductive stage (Pereira et al., 2011) . According to Laviola and Dias (2008) , P is the most limiting nutrient for initial growth and root system development, as well as for the formation of leaves and fruits of this oilseed crop. Although some studies indicate that phosphate fertilization is essential for the development and increase in fruit yield of jatropha, there is no consensus on the most adequate dose, because most recommendations are based on those established for other crops. Many recommendations of phosphate and organic fertilization have been cited in the national and international literature. Carvalho et al. (2013) recommend the use of 50 kg ha -1 of P in order to guarantee good plant development in the first cultivation year under irrigated conditions in Brazil. In India, under rainfed conditions and sub-humid local climate, Patolia et al. (2007) recommend the application of 30 kg ha -1 of P 2 O 5 , as single superphosphate for jatropha cultivation, while Mohaptra and Panda (2011) recommend the use of 100 g plant -1 of P, under annual rainfall of 300 mm and sandy soil with low contents of organic matter. In Iran, Akbarian et al. (2010) recommend the application of 120 kg ha -1 of P, under rainfed conditions. For the basal fertilization, under rainfed conditions in the agreste region of Paraíba, Brito et al. (2013) recommend the application of 54 g hole -1 of P, while Pereira et al. (2011) , in a soil classified as dystrophic Red Yellow Latosol, also under rainfed conditions, recommend the application of 150 g hole -1 of P 2 O 5 for higher production in jatropha plants. Under pot conditions in the agreste region of Paraíba, Freire et al. (2011) reported that the P dose of 70 kg ha -1 promoted improvements on vegetative growth and yield components of jatropha plants cultivated in a sandy loam soil. On the other hand, Sousa et al. (2011) observed that the dose of 200 g plant -1 associated with irrigation promoted satisfactory results on the production. Freiberg et al. (2014) found that the P dose of 57 mg dm -3 promoted adequate conditions for the initial growth of jatropha plants. Dose of 55 mg dm -3 of P pot -1 was the best recommendation of phosphate fertilization for obtaining vigorous plants in a Quartzarenic Neosol with low contents of organic matter, according to Souza et al. (2011) . With respect to the recommendation of organic fertilization for jatropha, Ghosh et al. (2007) recommend the application of 3 t ha -1 of jatropha cake in sandy soils under rainfed conditions. On the other hand, Prates et al. (2012) recommend the use of 11 t ha -1 of sewage sludge as the source of organic matter in order to obtain well-nurtured and productive plants. According to Sop et al. (2011) , the application of 500 g hole -1 of cattle manure is an excellent recommendation of fertilization for jatropha cultivated under rainfed conditions. Hussein et al. (2012) recommend the dose of 5 kg plant -1 of cattle manure in order to obtain vigorous and productive plants. , the use of 12 kg hole -1 of cattle manure guarantees good production. In experiments conducted in pots, Schulz et al. (2012) recommended the dose of 200 L m -3 of cattle manure for the full growth of jatropha plants. This study aimed to evaluate the effects of different recommendations of organic and phosphate fertilization suggested according to the soil analysis on the vegetative growth and production components of jatropha plants cultivated in pots and irrigated.
Results and Discussion

Growth variables
Plant height, number of branches, stem diameter and leaf area of jatropha plants cultivated in pots and irrigated were significantly influenced by the joint application of cattle manure and single superphosphate (Table 2 ). It is evident that the organic matter provided adequate contents of nutrients and that the addition of P contributed significantly to plant development. Plant height, number of branches per plant, stem diameter and leaf area were influenced by the joint application of cattle manure and single superphosphate, according to the recommendation of the laboratory of soil analysis, and showed linear and quadratic responses (Fig 2A,  B Ghosh et al. (2007) , the recommendation of 3 t ha -1 of jatropha cake in sandy soils is sufficient for obtaining plants with adequate vegetative growth. The number of branches per plant was also influenced by the evaluated recommendations of organic and phosphate fertilization (Fig 2B) . For the absence of P and the dose of 90 kg ha -1 of P 2 O 5 , the number of branches per plant showed quadratic responses to the recommendations of fertilization, and its mean value (4 branches plant -1 ) was observed for the mean dose 6.6 t ha -1 of cattle manure. Similar results were reported by Arruda et al. (2013) , who observed that the application of 150 g plant -1 of organic matter promoted substantial increases in branching and, consequently, in production, since the inflorescences appear on the tips of the branches grown in the current year. On the other hand, when the P dose of 90 kg ha -1 was associated with the recommended doses of organic matter (0, 2, 4, 6 and 8 t ha -1 ), the critical point of the organic fertilizer for this variable (5 branches plant -1 ) occurred when 6.1 t ha -1 of cattle manure was applied. From this dose of organic fertilizer on, there was a slight decrease for this variable. With respect to the joint action of the recommended dose of P (135 kg ha -1 ) and the doses of 0, 2, 4, 6 and 8 t ha -1 of organic matter, there was a linear response for the combinations of fertilizers. For the association with the highest P dose (180 kg ha -1 ), there were increments of about 0.39 for each ton of organic matter applied. Stem diameter showed a response similar to that of plant height, except for the combination between the highest P dose (180 kg ha -1 ) and the recommended doses of organic matter (0, 2, 4, 6 and 8 t ha -1 ) ( Fig 2C) . The maximum point (5.09 mm) was obtained when 5.2 t ha -1 of organic matter were applied. In general, stem diameter increased as the recommended doses of organic fertilization increased. The application of N, either organic or mineral, was expected to promote satisfactory results for plant growth, particularly for stem diameter, since it participates in the composition of membranes and acts directly in plant structure as a component of amino acids involved in metabolism and growth. The low N supply of the lowest recommendations of organic and phosphate fertilization caused low values of leaf area of jatropha plants, evaluated at 180 days after emergence ( Fig 2D) . Leaf area showed linear response for most combinations of fertilization, except for the P dose of 90 kg ha -1 associated with doses of 0, 2, 4, 6 and 8 t ha -1 of organic matter, for which it showed quadratic response. The maximum leaf area (684.738 cm 2 ) was observed for the application of 6.2 t ha -1 of cattle manure combined with the P dose of 90 kg ha -1 . Usually, the deficiency of N causes a decrease in production and leaf area, since the vegetative growth is impaired (Maffeis et al., 2000; Silva et al., 2009 ). According to significant at 1%, * significant at 5%, ns = not significant, DF = degrees of freedom, CV = coefficient of variation. significant at 1%, * significant at 5%, ns = not significant, DF = degrees of freedom, CV = coefficient of variation. Marschner (2012) , N promotes alterations in plant morphology, so that, under conditions of high N supply, there is an increase in leaf area, because this nutrient increases leaf curvature and significantly interferes with light interception and photosynthesis rate. Since cattle manure is a source of nutrients, especially N, the addition of organic matter, combined with irrigation, was expected to provide adequate amounts of nutrients to the soil solution and to the absorption by plants. Because N is a macronutrient highly mobile in the phloem with high capacity of redistribution inside plants , its deficiency usually results in gradual chlorosis of older leaves and decrease of plant growth (Freiberg et al., 2014) , which reflects in early maturation and loss of yield and fruit quality. Jatropha shows a high growth rate (Laviola and Dias, 2008) and N is essential for the assimilation of carbon and formation of new plant organs, because it participates in its structure as a component of amino acids, proteins, enzymes, RNA, DNA, ATP and other molecules (Marschner, 2012) . P has also a high mobility in the phloem and distribution in jatropha plant tissues . It is one of the most required minerals for jatropha cultivation especially during the initial growth stage (Freiberg et al., 2014) . In fact, phosphorus is part of the plant structure as it is part of membranes (phospholipids), RNA, DNA, ATP, and carbohydrate esters, as well as of several key metabolic molecules that accelerate the formation of roots and contribute to the symbiotic fixation of N (Malavolta et al., 1997) . According to Laviola and Dias (2008) , during the first years of jatropha cultivation P should be supplied in greater amounts than the accumulated by the plants. In fact, more than 50% of the P supplied during fertilizer application is fixed by the sandy fraction of the soil, limiting its availability for the plants. Limited P availability at the start of the vegetative cycle may restrict crop development. Plants do not recover from such deficiencies even when P is supplied at adequate levels later . As to P, this mineral is also highly mobile in the phloem and is intensively redistributed in jatropha tissues, for being one of the most required minerals, especially in its initial growth stage (Freiberg et al., 2014) . P is part of plant structure in the composition of membranes (phospholipids), RNA, DNA, ATP and esters of carbohydrates, besides many key molecules in its metabolism, responsible for accelerating the formation of roots and assisting symbiotic N fixation (Malavolta et al., 1997) . According to Laviola and Dias (2008) , the supply of P to jatropha in the first years of cultivation must be higher than the amount accumulated by the plant, since more than 50% of P supplied through fertilizations is fixed by soil clay fraction, which limits its availability to plants. The limitations in P availability in the beginning of the vegetative cycle can result in restriction to crop development, from which plants do not recover later, even if the P supply is increased to adequate levels (Araújo and Machado, 2006) .
Yield variables
The number of inflorescences per plant showed a quadratic response for the tested doses of organic matter (Fig 3A) and the lowest value was observed at the dose of 1.36 t ha -1 of cattle manure. On the other hand, the highest value (0.68 inflorescences plant -1 ) was observed at the dose of 8 t ha -1 of cattle manure. The application of N sources was expected to promote satisfactory results on the reproductive structures of the plants, since this macronutrient stimulates the formation and development of floral and fruit buds and is responsible for higher vegetation, as well as for the increase in the contents of proteins (Malavolta et al., 1997) . The application of 8 t ha -1 , which corresponds to 4.8 kg plant -1 of cattle manure, promoted results similar to those obtained by Arruda et al. (2013) and Fernandes et al. (2013) , who verified that the doses of 15 and 12 kg plant -1 of cattle manure promoted higher number of inflorescences in jatropha plants cultivated in pots and irrigated. The production variables number of fruits per plant and number of bunches per plant (Fig 3B and  D) showed a sigmoid response, with the highest values between the doses of 6 and 8 t ha -1 of cattle manure. The lowest values for these two production components occurred between the recommended dose (4 t ha -1 ) and 1.5 times the recommended dose (6 t ha -1 ) of organic fertilization. Higher number of fruits and bunches was observed by Arruda et al. (2013) and Fernandes et al. (2013) through the application of 12 and 15 kg hole -1 of cattle manure. Proportionally, these authors used, on average, 3 to 3.5 times the amounts applied in this study. These results suggest that jatropha is responsive to organic fertilization, particularly to the application of cattle manure. Possibly, for concentrating expressive amounts of macro and micronutrients and for gradually supplying these minerals, organic matter is an excellent option for the fertilization of jatropha, especially in farms close to livestock production centers, where cattle manure can be obtained by farmers at lower prices. This reduces production costs, due to both the improvement of soil physical and chemical properties and the supply of nutrients. The different recommendations of organic fertilization significantly influenced the production components mass of fruits and number of seeds per fruit. On the other hand, the isolated application of P, and combined with doses of organic matter, promoted significant response for the variables number of seeds per plant and mass of seeds per plant, respectively (Table 4) . As observed for the variable number of inflorescences per plant, a quadratic response was found for the production variables mean mass of fruits and number of seeds per fruit, with the increase in the recommended doses of organic matter. Since cattle manure is a potential source of N, its adequate supply probably promoted alterations in plant morphology, increasing leaf area and facilitating the light interception for photosynthesis (Marschner, 2012) . The mean mass of fruits (Fig 4A) showed a quadratic response, with maximum value of 2.5 g for the application of 6.8 t ha -1 of organic matter. In general, the increase in mass of fruits of jatropha was correlated with the recommended doses of the organic fertilizer. The same tendency was observed for the number of seeds per fruit (Fig 4B) , which showed quadratic response until the dose of 5.9 t ha -1 of cattle manure. The number of seeds per fruit depends on the amount of photoassimilates produced in the leaves and transported to the drains, such as seeds in formation. These results can be explained by the fact that these nutrients are highly mobile in the phloem and are redistributed to younger organs (Malavolta, 2006) . In this stage of fruit formation, the presence of adequate amounts of macro and micronutrients is essential in the soil solution, especially N and P, because they participate directly in the formation of amino acids and proteins, as well as in the composition of fatty acids, which are the main product of jatropha seeds. Probably, for the cultivation under low fertility conditions, represented in this study by the absence of organic and phosphate fertilization, and partially by the dose recommended according to the soil analysis, the processes of fruiting, fruit development and seed filling were seriously hampered, because the best results occurred for the conditions of medium fertility, represented by the application of 1.5 times the recommended doses (6 t ha -1 of organic matter and 135 kg ha -1 of P). It is evident that the amount of organic matter represented by 1.5 times the recommended dose (6 t ha -1 ) was sufficient for obtaining satisfactory results of production components. The highest number of seeds per fruit was observed for the dose of 5.9 t ha -1 of organic matter, while the lowest value was observed in plants without fertilization. This result can be explained by the fact that jatropha shows high growth rate and N is the most required nutrient for the formation of leaves and the supply of the metabolic requirements of fruits (Laviola and Dias, 2008) , since it is essential for the assimilation of carbon and formation of new organs in plants ( Taiz and Zeiger, 2004) . As to the production components number of seeds per plant and total mass of seeds per plant (Fig 4C and D) , there were interactive effects between organic and phosphate fertilization. In general, when the P doses of 90, 135 and 180 kg ha -1 were isolated and the recommended doses of organic matter (0, 4, 6 and 8 t ha -1 ) varied, there was a quadratic response for the association between the P dose of 135 kg ha -1 and the four doses of organic matter for both analyzed variables. For the other combinations, there was linear increase for the P dose of 180 kg ha -1 and a linear decrease for the P dose of 90 kg ha -1 with the increase in the doses of organic matter, for both studied variables. This means that the joint application of the P dose recommended by the laboratory and all the recommended doses of organic matter fertilization did not promote adequate results for these production variables. In the literature, there are no results explaining the lack of response of these variables to the combinations of 135 kg ha -1 of P and the tested doses of organic fertilizer.
Although the application of the recommended doses of phosphate fertilization tested in this study was not significant, it is evident that the organic matter provided adequate amounts of essential nutrients for jatropha growth and development, which indicates that the use of P combined with organic matter may be unnecessary in the first cultivation year. According to Freiberg et al. (2013) , the demand for P is not expressive in the first year of cultivation, gradually increasing from the second and third production years on. However, Laviola and Dias (2008) recommend P application in the first two years of jatropha, in order to guarantee good growth and development. It should be pointed out that the recommendations of these authors refer to studies performed using only mineral fertilization and not the association between P and organic matter. The number of seeds per plant is a yield component that represents plant production. According to the observed results (Fig 4C) , the highest production of seeds (58.5) was observed for the dose of 8 t ha -1 of cattle manure associated with the P dose of 180 kg ha -1 , which corresponds to 2 times the doses recommended by the laboratory of soil analysis for both fertilizers. On the other hand, for the application of 135 kg ha -1 of P inside all the tested doses of organic matter, the number of seeds increased until the dose of 4.6 t ha -1 of cattle manure. Doses above the critical point significantly reduced the production of seeds.
The production component total mass of seeds (Fig 4C) showed a response similar to that of number of seeds per plant. For the doses of 135 kg ha -1 of P and 4.59 t ha -1 of organic matter, the total mass of seeds reached 27.6 g plant -1 . The increase in mass of seeds was directly related to the recommendations of fertilization. Higher values of mass of seeds were obtained when plants were cultivated under high fertility conditions, represented by the joint application of 8 t ha -1 of cattle manure and 180 kg ha -1 of P. Unfavorable results for mass of seeds were obtained when the P dose of 90 kg ha -1 was associated with the four recommended doses of organic matter.
Materials and Methods
Location and tratments used in this study
The experiment was carried out in an open area of the Academic Unit of Agricultural Engineering at the Federal University of Campina Grande-PB, Brazil (07°15'18'' S; 35°52'28'' W; 550 m). The climate of the region, according to Köppen's classification, is Csa, mesothermal sub-humid with dry and hot drought period (4 to 5 months) and rainy period from autumn to winter (Coelho and Soncin, 1982) . The data of precipitation and temperature in the cultivation area are shown in Fig 1. The experiment was set in a randomized block design, with four replicates and one plant per plot. The treatments consisted of a 4 x 4 factorial scheme with two factors: 4 recommendations of organic fertilization [absence of fertilization (0 t ha -1 ), recommended dose (4 t ha -1 ), 1.5 times the recommended dose (6 t ha -1 ) and 2 times the recommended dose (8 t ha -1 )] and 4 recommendations of phosphate fertilization [absence of fertilization (0 kg ha -1 ), recommended dose (90 kg ha -1 ), 1.5 times the recommended dose (135 kg ha -1 ) and 2 times the recommended dose (180 kg ha -1 )]. The recommended doses of organic and phosphate fertilization was determined according to the contents of organic matter and P in the soil. Organic matter and P were supplied using cattle manure and single superphosphate, respectively.
The experiment was conducted in pots with capacity for 150 L of substrate, which were filled with the material of a soil classified as Quartzarenic Neosol Eutrophic of sandy loam texture, collected from the layer of 0-30 cm in the district of São José da Mata, Campina Grande-PB, Brazil. The soil and the cattle manure were chemically analyzed for the determination of the requirements of organic matter and P, at the Laboratory of Soil and Water Analyses of the Federal University of Campina Grande, and the results are shown in Table 1 . The cattle manure used in the experiment showed contents of 10.2, 2.0, 12.4, 6.6, 4.2 and 2.5 g kg -1 for N, P, K, Ca, Mg and S, respectively. According to the results of the soil analysis, there was no need for acidity correction or presence of sodium salts. For the distribution of the recommended fertilizer doses in the cultivation area, the pots were filled with 50% of soil and 50% of a mixture containing soil, cattle manure and P, according to the pre-established treatments. Then, the pots were irrigated, using water from the local supply system, and brought to field capacity for the determination of the irrigation depths, which were defined by the difference between retained and drained volumes. Plants were irrigated and the water consumption for the entire cultivation period (180 days) was equal to 6,120 L.
The experiment was installed in April 2013, in a spacing of 3 x 2 m. Seedlings were produced in 288-dm -3 plastic tubes, filled with the commercial substrate Plantmax. In order to guarantee the germination of the seedlings, the recipients were daily irrigated until complete emergence. After emergence, the seedlings were irrigated according to the water demand and to the climatic conditions of the environment.
Thirty days after emergence, the seedlings were transplanted to the definitive recipients containing the treatments. Plants were irrigated at the end of the afternoon in an interval of three days, defined according to the difference between the retained and drained water volumes. During the experiment, the following cultural practices were performed: manual removal of weeds, superficial scarification of the soil every two irrigations and weekly sprayings, for the preventive control of insects and fungal diseases.
Measurements
Plant growth was evaluated 180 days after transplantation (DAT), through the measurement of plant height, stem diameter, number of leaves, leaf area and number of branches per plant. During the flowering period, the following production components were measured: number of inflorescences per plant, number of fruits per plant, number of bunches per plant, number of fruits per bunch, mass of fruits per plant, number of seeds per plant, number of seeds per bunch and total mass of seeds per plant.
Plant height was measured in the stem, considering the distance from the basis to the apex of the plant and stem diameter was measured at 5 cm from the soil surface. For the number of leaves, all the fully expanded leaves with length equal to or higher than 3 cm were considered. Leaf area was estimated in 30% of the total number of leaves per plant using Equation 1, proposed by Severino et al. (2007) . LA= Σ 0.84 (L + W) 0.99 (1) where, -LA: leaf area (cm 2 ); -Σ: sum of leaf area; -L: midrib length (cm); and -W: leaf width (cm).
Data analysis
The obtained data were subjected to analysis of variance by F test. When significant, the data were analyzed through linear and quadratic polynomial regressions using the statistical program SISVAR-ESAL (Ferreira, 2003) . Maximum and/or minimum points of the regression equations were estimated through the derivative of "Y" with respect to "X".
Conclusions
Plant height, number of branches, stem diameter, leaf area, number of inflorescences, number of fruits, number of bunches, number of fruits per bunch, mass of fruits, number of seeds per fruits, number of seeds per plant and total mass of seeds per plant were influenced by the recommendations of fertilization; The recommendation of organic and phosphate fertilization suggested by the laboratory of soil analysis (4 t ha -1 of organic matter and 90 kg ha -1 of phosphorus) was insufficient for the development of productive plants; The isolated use of organic matter in the fertilization of jatropha promotes positive effects on growth variables and production components. The application of 1.5 times the dose of organic matter recommended by the laboratory of soil analysis, which corresponds to 6 t ha -1 of cattle manure, isolated, or associated with 135 kg ha -1 of P, is sufficient to supply the nutritional requirements of N and P in the first cultivation year; Phosphate fertilization associated with organic fertilization significantly influenced plant height, number of branches, stem diameter, leaf area, number of seeds and total mass of seeds of jatropha plants.
